Purpose: This study aimed to identify time-dependent prognostic factors and demonstrate the time-dependent effects of important prognostic factors in patients with advanced gastric cancer (AGC). Materials and Methods: We retrospectively evaluated 3,653 patients with AGC who underwent curative standard gastrectomy between 1991 and 2005 at the Korea Cancer Center Hospital. Multivariate survival analysis with Cox proportional hazards regression was used in the analysis. A non-proportionality test based on the Schoenfeld residuals (also known as partial residuals) was performed, and scaled Schoenfeld residuals were plotted over time for each covariate. Results: The multivariate analysis revealed that sex, depth of invasion, metastatic lymph node (LN) ratio, tumor size, and chemotherapy were time-dependent covariates violating the proportional hazards assumption. The prognostic effects (i.e., log of hazard ratio [LHR]) of the time-dependent covariates changed over time during follow-up, and the effects generally diminished with low slope (e.g., depth of invasion and tumor size), with gentle slope (e.g., metastatic LN ratio), or with steep slope (e.g., chemotherapy). Meanwhile, the LHR functions of some covariates (e.g., sex) crossed the zero reference line from positive (i.e., bad prognosis) to negative (i.e., good prognosis).
Introduction
A comprehensive knowledge of the prognosis of patients with cancer is highly important in the development of a treatment strategy and management plan. The TNM classification of malignant tumors based only on the anatomical extent of the disease is a simple and practical staging system for predicting prognosis in patients with cancer. 1 In contrast, multivariate survival studies can distinguish more independent prognostic factors among the many tumor-, host-, environment-, and treatmentrelated factors, and thus can provide a more accurate and detailed analysis of the prognosis of cancer patients. 2 The Cox proportional hazards (PH) regression model has been most widely used in multivariate survival analyses in cancer studies. 3 The Cox model examines the relationship between a potential prognostic factor and survival time distribution while assuming the proportionality of the hazards. This implies that the measured relative hazard ratio of each potential prognostic factor is constant over the entire observation time. However, pISSN : 2093-582X, eISSN : 2093-5641
whether the PH assumption remains valid over a long period of time is controversial. If some variables violate the PH assumption, a multivariate study using the Cox model may provide inaccurate or distorted analytical results. 4, 5 As a result, some significant prognostic factors could be missed and the relative hazard ratio of a time-dependent prognostic factor might be overestimated or underestimated at some point over the entire observation time.
In several studies of long-term survival in breast cancer pa- cancer. 1, [9] [10] [11] More recently, the prognostic effects of adjuvant chemotherapy, the extent of lymph node dissection, postoperative complications, and biomarkers have been discovered. [12] [13] [14] [15] However, at present, little is known about the time-dependent effects of prognostic factors in advanced gastric cancer (AGC). 16 Therefore, the aim of the current study was to identify time- The maximally selected chi-square method was used to determine the optimal cutoff points of numeric variables. 21 The optimal cutoff points obtained were as follows: age of 55 years, metastatic lymph node ratio of 0.3, and tumor size of 5.7 cm.
The patients were divided into two groups based on each cutoff point of the numeric variables. The P-value used for the non-proportionality test was the Pvalue used in the Pearson correlation. A P-value ＜0.05 indicated a violation of the proportionality assumption.
The Statistical Package for Social Sciences (SPSS) software ver. 13.0 for Windows (SPSS Inc., Chicago, IL, USA) was used.
A P-value ＜0.05 was considered statistically significant.
Plots for scaled Schoenfeld residuals
Scaled Schoenfeld residuals were plotted over time for each covariate, and a dashed red line representing the null effect (null log hazard ratio) was added. However, the estimated hazard ratios for each prognostic factor shown in Table 1 are valid only if the underlying PH assumption is true. 23 Table 2 shows the results of the nonproportionality test based on the Schoenfeld (partial) residuals.
Five variables, namely sex, depth of invasion, metastatic lymph node ratio, tumor size, and chemotherapy, showed statistical significance, indicating a violation of the PH assumption over time.
Thus, time-dependent effects, which are not uncommon, have been demonstrated by the prognostic factors in the AGC patients.
For each prognostic factor, scaled Schoenfeld residuals were plotted over time. Fig. 1 is the Schoenfeld residual plot for age.
The Y axis of the plot represents the beta point, that is, the log of hazard ratio, for the older patient group compared to the younger patient group. However, it descends and crosses the zero line by around 10 months and then remains beneath the zero line for a long period.
The plot for sex suggests that female sex has a good prognostic effect on survival overall. However, it shows an adverse effect in the early post-gastrectomy period. In Fig. 3~5 , the beta (t) lines for depth of invasion, metastatic lymph node ratio, and tumor size start at high beta points but decline gradually over time. The beta (t) line for depth of invasion meets and crosses the zero line CI = confidence interval; MP = muscularis propria; SS = subserosa; SE = serosa exposure; SI = serosa invasion; L = lesser curvature; A = anterior; G = greater curvature; P = posterior; DG = distal gastrectomy; TG = total gastrectomy.
in the late period, while the beta (t) line for metastatic lymph node ratio remains at the high beta point until the late period. In It is interesting that metastatic lymph node ratio shows a timedependent effect, decreasing its hazardous effect over time.
However, it maintains a substantial hazardous effect until the late period. 7 Adjuvant chemotherapy, a treatment-related factor, also shows a time-dependent effect, and its protective effect was minimized within a couple of years but sustained for a long time.
In our results, five of the 10 independent factors in the Cox In the 15-year follow-up results of the randomized nationwide Dutch D1D2 trial, D2 lymphadenectomy showed a dramatic time-dependent effect on the survival of gastric cancer patients treated with curative gastrectomy. 13 The D2 procedure was also associated with significantly higher postoperative mortality, morbidity, and reoperation rates. After a median followup of 15 years, D2 lymphadenectomy was associated with lower locoregional recurrence and gastric cancer-related death rates than the D1 procedure. Thus, the D2 procedure had an adverse effect on survival in the early period but showed a protective effect in the late period. The time-dependent effect in the Dutch D1D2 trial also accords with the long-lasting hazard of lymph node metastasis demonstrated in this study. In several studies of long-term survival of breast cancer patients, the time-dependent effects of tumor-related prognostic factors were determined. 6, 7 Hormone receptor status showed a remarkable time-dependent effect on prognosis. Negative hormone receptor status was an adverse prognostic factor in the early period but became a protective prognostic factor in the late period. However, the other tumor-related prognostic factors such as tumor size and histologic grade simply weakened or lost their prognostic effects over time. 8 Therefore, a time-dependent prognostic factor showing time-dependent effects should not be regarded as an extraordinary case or a special phenomenon limited to breast cancer studies. As a result, some significant prognostic factors could be missed in multivariate studies using the Cox PH regression model, and the relative hazard ratio of time-dependent prognostic factors may be overestimated or underestimated at some point in the entire observation period. 7 In the Cox PH model, the hazard ratio is generally averaged over the event times, and the same weight is given to a very early hazard ratio that affects almost all individuals and to a very late hazard ratio that affects only very few individuals still at risk. 7 Although Cox PH has been widely used for survival analysis in medicine, 3 time-dependent effects have been assessed in only a few oncology publications, such as in breast or colon cancer studies. 7, 8, 24, 25 In gastric cancer, Berger et al. defined for censored subjects. 28,29 A smooth plot of the Schoenfeld residuals can then be used to directly visualize the log hazard ratio. 29 Graphically, this method is reliable and easy to interpret.
The results of the current study suggest that the time-dependent effects of the prognostic factors of AGC are demonstrated in this study and are not an uncommon phenomenon among prognostic factors of AGC.
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